We have observed the type 1.5 Seyfert galaxy NGC 7213 with the Australian Long Baseline Array (LBA) at 8.4 GHz to discover whether this object has the high brightness temperature compact core suggested by low-frequency variability. Confirmation would support the hypothesis that radio-intermediate Seyfert galaxies have Doppler-boosted radio jets. Our observation confirms the existence of this core but with a flux density of almost a factor of 6 less than observed 12 yr earlier. Though few studies exist on the long-term radio variability of Seyferts, a decline of this magnitude does appear to be rare.
I N T RO D U C T I O N
Recently Roy & Norris (1997) found a rare class of Seyfert galaxies that have radio properties intermediate between the radio-loud and radio-quiet active galaxies. NGC 7213 is an Sa galaxy at a distance of 36 Mpc (for H 0 = 50 km s −1 Mpc) and is one of the radiointermediate Seyferts in the Roy & Norris sample. We (Blank & Harnett 2004) found that NGC 7213 has a radio power of P 1.4 = 3 × 10 22 W Hz −1 , which, while low for a radio-loud galaxy, is still over an order of magnitude higher than that of a typical Seyfert. Our 1.4-and 2.5-GHz Australia Telescope Compact Array (ATCA) and 0.843-GHz Molonglo Observatory Syntheis Telescope (MOST) observations have shown that NGC 7213 has the extended radio structures that are typical of radio-loud objects, but are rare in the radio-quiet population.
NGC 7213 also shows variability by as much as 30 per cent at 0.843 GHz on a time-scale of weeks (Blank & Harnett 2004) . Low-frequency variability such as this is believed to be produced by interstellar scintillation (Shapirovskaya 1978; Rickett, Coles & Bourgois 1984) . Following Rickett (1986) the implied upper limit to the core size is about 3 mas, with a corresponding minimum brightness temperature of T B ∼ 1 × 10 10 K, which is within an order of magnitude of the inverse Compton limit (Readhead 1994) . NGC 7213 is core-dominated, with the ratio of the core to extended flux density at 1.4-GHz being 2.8, which is unusual for a low-power radio source. Falcke, Patnaik & Sherwood (1996) suggest that active galaxies such as NGC 7213 that have been classified as radio-intermediate may actually be radio-quiet objects that have had their radio power E-mail: dblank@physics.usyd.edu.au moderately boosted by relativistic beaming. The implied high minimum brightness temperature and core dominance are features associated with objects having Doppler-boosted nuclear radio jets (e.g. Orr & Browne 1982; Ghisellini et al. 1993) , and so we have carried out 8.4-GHz very long baseline interferometric (VLBI) observations with the Australian Long Baseline Array (LBA) to examine further the Falcke et al. hypothesis as it may apply to NGC 7213.
We found NGC 7213 to have an unresolved core at the resolution of 3.2 mas consistent with the prediction of the interstellar scintillation model but, unexpectedly, the flux density was found to be much less than previously measured. We discuss the data reduction in Section 2 and results in Section 3. Data were recorded using the S2 recording system and were correlated using the LBA S2 VLBI correlator system at Marsfield near Sydney. Observational details are listed in Table 1 .
O B S E RVAT I O N S
The data were first edited and calibrated in AIPS and then exported into DIFMAP (Shepherd 1997) for further editing, model fitting and imaging. Two cycles of phase self-calibration and cleaning were applied. No amplitude self-calibration was carried out since the signal-to-noise ratio was insufficient. The antenna-based flux density calibration using antenna system temperatures and gains was corrected by empirical gain factor corrections of the order of 10 per cent. Uniform weighting and a restoring beam of 3.2 × 2.8 mas 2 was applied for imaging. The final image is shown in Fig. 1 and the rms was about 0.75 mJy beam −1 . The uncertainty in the core position is greater than a single beam size, but less than two beam widths, because the core position is set by the initial model used by self-calibration.
R E S U LT S
The LBA image (Fig. 1) reveals a point source. The peak flux density is 57.1 mJy beam −1 and the total flux density is 57.6 ± 1.3 mJy. Since the source is unresolved, this flux density corresponds to a minimum brightness temperature of 1.5 × 10 8 K and shows that the emission is non-thermal.
The 8.4-GHz flux density of NGC 7213 has been declining since at least the two-element Parkes-Tidbindilla Interferometer (PTI) observation of 1988. The PTI flux density was 334 ± 33 mJy (Slee et al. 1994 ) measured with a fringe spacing of 26 mas. More recent X-band measurements yielded values of 176 ± 1 mJy (Bransford et al. 1998 , using the ATCA with 1 arcsec beam) and 181 ± 1 mJy (Thean et al. 2001 , using the VLA with a 0.25 × 1.0 arcsec 2 beam). Note that, except for our LBA observation, the Slee et al. observation had a resolution higher than all later observations. Therefore, the decline of nuclear flux density with time given in Fig. 2 is not a resolution effect and could even be greater since larger-scale emission could be contributing to the flux densities measured by the connected element interferometers. Furthermore, our LBA observation includes the Parkes-Tidbindilla baseline and we see no change in flux density with baseline length, so the steep decline in flux density between the PTI observation and our later LBA observation is also real. Images at 1.4 and 0.843 GHz with resolution of 34 to 43 arcsec show large-scale emission strongly suggestive of jet-fed radio lobes (Blank & Harnett 2004 ), yet the emission is unresolved in all published images with resolution from 3 mas to 1 arcsec. This could be because the radio jet starts out pointed towards us and at some point changes direction, or it could be that the higher-resolution images lack sufficient sensitivity or (uv)-plane coverage. The previously mentioned constancy of flux density versus baseline length implies that there is no missing flux, so that we have indeed imaged an unresolved point source. Schmitt et al. (2003) found that the nuclear [O III] emission was unresolved even in HST imaging with a spatial resolution 0.1 arcsec. Since narrow-line region [O III] emission often traces the radio emission (e.g. Wilson 1997 , and references therein), this observation is consistent with a nuclear jet pointing along our line of sight.
The angular resolution corresponds to a linear scale of 0.5 pc. The nuclear velocity dispersion measured from the near-infrared calcium triplet line by Nelson & Whittle (1995) when put in the velocity dispersion-black hole mass relationship in Ferrarese & Merritt (2000) shows NGC 7213 to have a central black hole mass of about 9.6 × 10 7 M . Thus our angular scale corresponds to 1.2 × 10 4 Schwarzschild radii.
D I S C U S S I O N
That NGC 7213 has a core less than 3 mas across and a minimum brightness temperature of 1.5 × 10 8 K confirms our prediction on core size upper limit based on low-frequency variability (Blank & Harnett 2004 ). This result is also consistent with the Falcke et al. (1996) hypothesis that radio-intermediate objects are radio-quiet objects with moderate beaming from the parsec-scale jets pointing in the observer's direction.
The jets in NGC 7213 bend somewhere roughly between the scale of 1 arcsec (150 pc) and 10 arcsec (1.5 kpc). Bending in radio jets on the hundreds of parsec scale is common in Seyferts (Middelberg et al. 2004) . For example, the jets in NGC 7674 (Momjian et al. 2003) and Mrk 231 (Ulvestad et al. 1999 ) both at some point bend 90
• . Bending has been attributed to interactions of the jet and the interstellar medium of the host galaxy.
Long-term radio variability is not well known in Seyferts (Falcke et al. 2001) . Middelberg et al. (2004) have obtained multi-epoch VLBI data of 16 Seyferts both from their own observations and from the literature. While NGC 5506 and 7674 showed some correlated changes of flux density and milliarcsec-scale radio emission, more extreme cases can be found in the radio-intermediate Seyferts Mrk 348 (Peck et al. 2003; Ulvestad et al. 1999 ) and III Zw 2 (Brunthaler et al. 2000) . Perhaps variability in NGC 7213 is linked with changes in the parsec-scale jets, as have been found with these two other radio-intermediate Seyferts. Slee et al. (1994) may have observed an outburst in 1988, whereas observations in the mid-1990s recorded the dimming of the ejected components, which had completely faded by the time of our 2000 observation. We speculate that extreme radio variability may be a general property of radio-intermediate Seyferts.
C O N C L U S I O N
We have used the Australian LBA to obtain 3 mas images at 8.4 GHz of the nearby Seyfert galaxy NGC 7213. The nucleus of NGC 7213 is unresolved, confirming our earlier prediction based on low-frequency variability. NGC 7213 has decreased in flux density by nearly a factor of 6 during the period from 1988 to 2000. While the issue of long-term radio variability in Seyferts is not well known, variability of the kind in NGC 7213 does not appear to be common. Perhaps radio variability in NGC 7213 is linked with parsec-scale outbursts, as has been found in two other extremely variable radio-intermediate Seyferts.
